Size-fractionated chlorophyll a and photosynthetic carbon incorporation, microbial oxygen production and respiration and particulate vertical flux were measured in January 1996 at three regions, characterized by distinct hydrographic fields and planktonic communities, of the Antarctic Peninsula: (1) a diatom-Phaeocystis sp., dominated community associated with the relatively stratified waters of the Gerlache Strait, (2) a nanoplankton-Cryptomonas sp. dominated assemblage at the GerlacheBransfield confluence; and (3) a nano-and picoplankton community in mixed waters of the Bransfield Strait. Despite the marked differences in both community structure and total phytoplankton biomass and primary production, and against predictions from models about trophic control of C export, the lowest respiration rates were measured at Bransfield (pico-and nanoplankton), and no difference was observed between the Gerlache (large diatoms) and Bransfield stations in relative vertical particle flux
. Growth and loss rates of the phytoplankton population studied for each community indicate that microbial populations can be explained by in situ growth, but spatial (diatom-Phaeocystis sp., bloom) 
and temporal (diatom-Phaeocystis sp. bloom and nanoplankton communities) scales of study were shown to be insufficient for addressing the coupling between primary production and biogenic carbon export, especially after the appreciation of the accumulation of dissolved organic carbon in the water column. This would explain the unexpected results and highlights the necessity of including the mechanisms controlling accumulation and consumption of dissolved organic matter into conceptual models about the trophic control of C export.
as a consequence of direct sedimentation of phytoplankton cells or zooplankton faecal pellets.
The phytoplankton size spectrum is relatively easy to estimate at a basic level, either as biomass or activity, by means of size fractionation of chlorophyll a concentration or photosynthetic C incorporation. The opposite is true for the coupling between the processes of production and consumption of organic matter. A frequently used approach consisted of the independent estimation of auto-and heterotrophic biomasses and activities, together with direct measurements of sedimentation rates (Lignell et al., 1993; Biscaye et al., 1994; Rivkin et al., 1996) . This approach necessitates the assumption of several hypotheses about pathways of organic matter circulation in planktonic communities, and implies the use of diverse methodologies for the measurement of the different variables, as well as the final conversion of the various results to common units (usually carbon). This brings together important uncertainties in the final balance between production and consumption of organic matter.
An alternative approach is the direct estimation of microbial net community production, i.e. the difference of phytoplankton gross production minus total microbial respiration, from measurements of in vitro changes in seawater oxygen concentration. Oxygen net production summarizes the microbial trophic dynamics, being independent of the community structure, and provides a direct estimate of one of the two key characteristics of plankton communities proposed by Legendre and Rassoulzadegan as controlling factors of the fate of biogenic carbon in the ocean: the degree of coupling between the processes of production and consumption (Legendre and Rassoulzadegan, 1996) .
The ultimate aim of this work was the empirical verification of conceptual models about trophic control of organic carbon export, which predict that a direct relationship exists between the potential for C export from the productive zone of the pelagic ecosystem and the organization of pelagic trophic webs. With this aim, sampling was carried out to study the relationship between phytoplankton size (a variable summarizing community structure), production/respiration balance (a variable summarizing community processes) and particulate carbon export. That is, a study on the modulation of the relationship between organic matter production and carbon export by the structure and functioning of trophic webs. This study was conducted during January 1996 in coastal waters of the Antarctic Ocean, where elevated spring primary production rates and the existence of a rapid succession from a community dominated by large diatoms to a nanophytoplankton-dominated community are well documented (Holm-Hansen and Mitchell, 1991; Moline and Prezélin, 1996) . Such a succession has been observed to be accompanied by a shift from herbivore or multivore trophic webs, with elevated particulate carbon export, to a microbial food web, with increased recycling of organic matter in the upper mixed layer and, hence, lower particulate carbon export (Karl 1993) .
M E T H O D Sampling
A transect of 14 stations across Gerlache Strait and onto Bransfield Strait was sampled in January 1996 during FRUELA95 cruise (Figure 1 ). In addition to Conductivity, Temperature, Depth (CTD) casts, samples for size-fractionated chlorophyll a and microplankton cell counts were taken. Once this transect was sampled, four flux stations were determined to cover the observed range in physical conditions and phytoplankton communities (Figure 1 ). The time lag between transect and flux stations sampling ranged from 3 to 12 days. Vertical profiles of temperature and conductivity were performed with an EG&G MKIIIc CTD fitted to an EG&G 1015 rosette. Water samples for O 2 and size-fractionated chlorophyll a concentrations, microplankton cell counts, size-fractionated photosynthetic C incorporation and microbial O 2 production and respiration were collected from five depths with 12 litre Niskin bottles fitted to the rosette. 
Dissolved oxygen
A 250 ml gravimetrically calibrated, borosilicate bottle was carefully filled from every Niskin bottle by means of a silicone tube. Fixing and storage procedures, reagents and standardization followed the recommendations of Grasshoff et al. (Grasshoff et al., 1983) . Dissolved oxygen concentration was measured through automated precision Winkler titration performed with a Metrohm 716 DMS Titrino, using a potentiometric end point (Oudot et al., 1988; Pomeroy et al., 1994) . Aliquots of fixed samples were delivered with a 50 ml overflow pipette.
Size-fractionated chlorophyll a concentration
Samples of sea water (250 ml) were sequentially filtered onto 10, 2 and 0.2 µm pore size Poretics polycarbonate filters, which were kept deep-frozen (-20ºC). Chlorophyll a concentration was determined using a Turner Designs 10 fluorometer after extraction in 90% acetone for 24 h at 4°C (Strickland and Parsons, 1972) .
Microplankton cell counts
Polyethylene bottles (250 ml) containing Lugol's solution were filled with sea water from the sampling depths. Enumeration of organisms was carried out with an inverted microscope on 50 ml composite sedimentation chambers.
Size-fractionated photosynthetic C incorporation
Rates of phytoplankton C incorporation in 0.2-2 µm, 2-10 µm and >10 µm phytoplankton size classes were determined following JGOFS protocols (Knap et al., 1996) . Three replicates of 250 ml water samples, previously inoculated with NaH 14 CO 3 were incubated in situ. Incubations always started at dawn and lasted 24 h. Once the incubation had finished, samples were filtered under low vacuum pressure (<100 mmHg) following the same procedure as described for size-fractionated chlorophyll a. Filters were decontaminated by exposing them overnight to HCl fumes. Scintillation cocktail was added to the samples and the radioactivity was measured with a Packard scintillation counter. Quenching was corrected by using the internal standard method.
Microbial oxygen production and consumption
Rates of microbial community O 2 production and consumption were determined by in vitro changes in seawater O 2 concentration after light and dark bottle incubations. Sampling and incubation (24 h, in situ) were carried out at the same depths, simultaneously and under the same conditions as for C incorporation experiments. Twelve 250 ml, gravimetrically calibrated, borosilicate bottles were carefully filled from every Niskin bottle by means of a silicone tube, overflowing >500 ml. Filled bottles were immediately closed and kept, in darkness, in a deck incubator refrigerated with surface water. This procedure minimized temperature changes until the whole set of bottles was filled, and the buoy, carrying the in situ incubation device and a shallow sediment trap, was ready for deployment. An initial set of four dark bottles was fixed at once, the remaining (four dark and covered with aluminium foil, four light) were bonded to the buoy at the depths of origin of the water sampled. After the incubation period, dissolved oxygen concentration was determined following the method described above.
Particulate vertical flux from the euphotic zone
Shallow sediment traps similar to those developed by Knauer et al. and modified by Karl et al. were used (Knauer et al., 1979; Karl et al., 1991) . The traps were fastened to the same buoys as incubation bottles and placed 3 m below the deepest incubation tray (50-64 m), well below the euphotic (down to 1% incident irradiance) depth (20 m at E169, E184 and E178; 30 m at E168). Traps were kept in the water for 24 h (same as incubations), which provided enough material for later analyses. From each of the four tubes of the trap, subsamples were obtained for the analysis of particulate carbon and nitrogen content and chlorophyll a concentration. In order to estimate the viability of sedimented cells, photosynthetic C incorporation was determined by means of incubations with NaH 14 CO 3 of samples from material collected by the traps.
R E S U LT S Spatial variability: Gerlache-Bransfield section

Hydrographic and chemical conditions
The vertical distribution of temperature, salinity and the percentage of oxygen saturation in the upper 100 m along the Gerlache-Bransfield transect is presented in Figure 2 . A marked hydrographic front was found at the northeast mouth of Gerlache Strait, near station E178. This front separated colder, saltier and vertically more homogeneous Bransfield Strait waters from waters of central Gerlache strait, showing haline stratification after freshwater inputs from glacier melting.
In the central part of Gerlache strait, where flux stations E169 and E184 were located, O 2 concentration was higher than the level of saturation in the upper 60 m; the highest values (130% of O 2 saturation) were measured in the upper 5-10 m at the region showing the highest degree of vertical stability. In Bransfield, O 2 saturation was >100% down to depths >200 m. The distribution of O 2 saturation at the Gerlache-Bransfield confluence suggested the convergence of surface water at the eastern part of the front, where values >110% were measured down to 120 m depth, and upwelling of subsurface water at the western side, where relatively low saturation levels were observed at the surface.
Although nutrient distributions were related to phytoplankton biomass and activity, concentrations in the upper mixed layer were high (>75 µmol SiO 2 kg -1 , >22 µmol NO 3 kg -1 ) throughout the region of study (Castro et al., 2002) .
Chlorophyll a concentration
The spatial distribution of total and size-fractionated chlorophyll a concentration ( Figure 3 ) exhibited a close relationship with the hydrographic field. A dense patch of >10 µm phytoplankton was observed in Gerlache Strait, where the highest phytoplankton biomass, at the central region, coincided with the highest water column vertical stability and O 2 saturation values. Phytoplankton in Gerlache was dominated by large chain-forming diatoms, the large flagellate Pyramimonas sp. and colonies of Phaeocystis sp. In Bransfield Strait, cells >10 µm constituted only ca. 5% of total phytoplankton biomass, while nanoplankton (cells between 2 and 10 µm size) was the most abundant fraction, especially in subsurface waters (70-80% of total phytoplankton biomass). Diatoms were very scarce, while the abundance of Cryptomonas sp., free Phaeocystis sp. cells and microflagellates was high. The front at the confluence between Gerlache and Bransfield Straits clearly separated both communities and drove the spatial distribution of phytoplankton biomass, which showed high deep values at the eastern side (convergence) and low surface values at the western part (divergence). The elevated surface phytoplankton biomass and relatively high deep biomass at the eastern part of the front consisted almost exclusively of pico-and nanoplankton (namely, Cryptomonas and dinoflagellates), which clearly distinguished it from the biomass found at similar depths in Gerlache. 
Carbon and oxygen fluxes
Microbial production and respiration, together with vertical particle flux were measured at four stations representative of the regions described above (positions are shown in Figures 1 to 3 ). Two flux stations were located in central Gerlache Strait: E184, near the zone of highest vertical stability and chlorophyll a concentration, and E169, in the marginal zone of the patch of high biomass of large-sized phytoplankton. Flux station E168 was placed in Bransfield Strait waters, while flux station E178 was located at the Cryptomonas-dominated high surface chlorophyll a patch at the frontal zone of the Gerlache-Bransfield confluence.
Hydrographic characteristics of the water column
The times separating sampling of the Gerlache-Bransfield transect and the visit to flux stations were 3, 5, 10 and 12 days for E168, E169, E178 and E184, respectively. were only observed at station E169, where vertical homogeneity of the water column increased.
Chlorophyll a concentration
The spatial distribution of size-fractionated chlorophyll a remained constant during the study (Figures 3 and 5) . At both Gerlache flux stations (E169 and E184), phytoplankton biomass was dominated by cells >10 µm (namely, large chain-forming diatoms, Pyramimonas and colonies of Phaeocystis). At station E169, total chlorophyll a concentration decreased slightly at all depths with respect to the sampling of the transect, and a surface increase of 6 mg Chl a m -3 was observed at E184 together with a subsurface decline. At station E178 total phytoplankton biomass decreased in ca. 2 mg Chl a m -3 , especially in the picoplankton fraction, although Cryptomonas and small dinoflagellates were still the dominant taxa. Minor changes in biomass distribution and dominant groups (Cryptomonas, free Phaeocystis cells and microflagellates) were registered at E168.
Photosynthetic carbon incorporation Similar trends to those described for phytoplankton biomass were evident, in both total and size-fractionated C incorporation ( Figure 6 ). The highest C incorporation rates were found at E184, where integrated primary production amounted to >3 g C m -2 day -1 . At both Gerlache stations (E169 and E184), 87% of surface and 80% of water column primary production corresponded to >10 µm phytoplankton cells. In Bransfield (E168) C incorporation by cells >10 µm was less than 10%, and total primary production was relatively high (0.8 g C m -2 day -1 ) in a broad (ca. 20 m) surface layer, depicting a similar trend as chlorophyll a concentration. At the frontal station (E178) high rates of primary production were only measured in a thin surface layer, matching the vertical pattern described for chlorophyll a concentration. As for phytoplankton biomass, C incorporation was also dominated by nano-and picoplankton (>90%).
Microbial oxygen production and consumption
The vertical distribution of gross O 2 production (GP) matched perfectly that of C incorporation at every sampled station (GP = 2.067 * C incorporation + 1.082; r 2 = 0.97; P <0.001) (Figure 7 ). The molar ratio of O 2 GP to C incorporation was >2, clearly higher than 1.4 which is the value estimated for new production (Laws, 1991; Williams and Robertson, 1991) , suggesting that C incorporation was closer to net than to gross production, as could be expected from 24 h incubation. However, as shown below, respiration rates in the dark represented a very small percentage of GP at all depths. While in Gerlache (E169 and E184) the molar ratio of net O 2 community production to C incorporation in the euphotic layer (1.46 and 1.68, respectively) was close to the theoretical value for new production, in Bransfield (E168 and E178) this ratio remained too high (2.4). Figure 8 presents vertical profiles of O 2 gross production (GP), dark respiration (DR) and net community production (NCP) rates at every sampled station. Microbial DR rates at the nanoplankton-dominated station (E168) were almost undetectable at all depths, ca. 0.5 mmol O 2 m -3 day -1 throughout the euphotic zone, which represents 12% of GP. No appreciable changes were registered in DR rates with depth, nor in relation to phytoplankton biomass or activity. Higher DR rates were measured in Gerlache, dominated by cells >10 µm. At station E169, DR did not exhibit remarkable changes with depth, apart from a slight increase immediately below the euphotic zone (20 m depth). Positive NCP was measured in the euphotic zone, while below this layer DR exceeded GP. The highest DR rates were measured at station E184, where their vertical distribution resembled that of phytoplankton biomass and production, exhibiting a surface maximum >8 mmol O 2 m -3 day -1 , and relatively high values (ca. 2.5 mmol O 2 m -3 day -1 ) below 10 m depth. Positive values of NCP were found throughout the euphotic layer (20 m depth), with a surface maximum higher than 69 mmol O 2 m -3 day -1 , while negative NCP rates were measured below this layer, reaching -4 mmol O 2 m -3 day -1 at 50 m depth. In Gerlache, higher relative aphotic respiration was found at E169 (33% of water column GP) than at E184 (15%). At the frontal station (E178), two opposite situations were found within the euphotic layer (20 m depth): very high DR and GP rates, with an elevated 'surplus' of production, at 5 m depth;
and very low DR (ten times lower than at the surface) and GP rates, with NCP near zero from 10 m depth.
Particulate vertical flux from the euphotic zone Vertical particle flux was determined at three flux stations (Table I) . Data must be looked at with caution due to inherent methodological limitations of shallow sediment traps [see e.g. (Karl et al., 1991; Newton et al., 1994; Buesseler, 1998 ) and references therein]. At station E184 an elevated flux of organic matter was observed. Assuming a carbon to chlorophyll a ratio of 40 (Smith and Sakshaug, 1990) , virtually all the organic C retained in the trap corresponded to phytoplankton-derived material. However, the photosynthetic activity of this material was very low (0.09 mg C mg Chl a -1 day -1 ), which could be related to a vertical transport mediated by the abundant zooplankton faecal pellets. In Bransfield (E168), both particulate C sedimentation rate and the percentage of phytoplanktonic material were clearly lower. Finally, at station E178, a relatively high vertical flux of particulate C was measured, although the phytoplanktonic contribution was very low. Despite differences in the contribution by phytoplankton to total particle flux, at both nanoplankton-dominated stations (E168 and E178) the material collected by the traps presented a relatively high, and similar, chlorophyll a normalized, photosynthetic activity (1.87 and 1.57 mg C mg Chl a -1 day -1 at E168 and E178, respectively). At E168, no faecal pellets were found in the sedimented material, and at E178, their number was 2.5 times lower, in relation to total sedimented C, than in Gerlache. Table II shows the percentage of vertical C flux with respect to phytoplankton biomass and daily production rates in the water column. The highest vertical flux percentage, both regarding suspended phytoplanktonic C and microbial net production, was observed at station E178. At station E168, vertical flux percentages were 4.5 times lower in relation to suspended phytoplankton biomass, and 3.5 times lower with respect to primary production rate. At station E184, dominated by phytoplankton >10 µm and with the highest total sedimentation rate, both percentages were, however, relatively low and very similar to those obtained in Bransfield. Phytoplankton growth and loss rates Specific phytoplankton growth rate was calculated as ln[(biomass+GP)/biomass]/ln(2) from GP data, converted to carbon using a photosynthetic quotient of 1.4, which assumes that GP was based on nitrate (Laws, 1991) , and from chlorophyll a data, assuming a carbon to chlorophyll a ratio of 40 (Smith and Sakshaug, 1990) . The specific loss rate of phytoplankton biomass through sinking was estimated from the daily rate of carbon sedimentation, calculated from the sediment traps, and from integrated chlorophyll a concentration. The loss rate through zooplankton grazing was estimated from the respiration rate of mesozooplankton, calculated from integrated (0-200 m) zooplankton biomass in three size classes (200-500 µm, 500-1000 µm and >1000 µm) (Cabal et al., 2002) , by means of the allometric relation of body length to fresh weight in planktonic crustaceans (Peters, 1983) , and the relation of mesozooplankton respiration to individual weight and temperature [ (Ikeda, 1985) , as shown in (Zhang et al., 1995) ]. Carbon demand by mesozooplankton was calculated assuming an assimilation efficiency of 70% (Conover, 1978) . Grazing rate by microzooplankton is already included in the total loss rate through microbial respiration, which represents its highest limit. Assuming that steady state and exponential growth prevailed during the period between the sampling of the transect and the flux stations, total phytoplankton biomass loss rate (∆Chl a-derived loss rate) was calculated, from the difference between the local rate of change in phytoplankton biomass and the growth rate calculated from primary production and phytoplankton biomass. The results of these calculations are shown in Table III . The highest growth and loss rates (both by sedimentation and grazing) were measured at the frontal station (E178). At stations E184 (Gerlache) and E168 (Bransfield) similar rates were obtained, except for microbial respiration, which was twice as high at E184. Very low growth rates were measured at station E169 (Gerlache), where grazing losses were also very low. Only at station E178 did the sum of loss rates by sedimentation and grazing amount to a value similar to the ∆Chl aderived loss rate. At stations E184 and E168 the latter was greater than the sum of the former.
P. SERRET ET AL. TROPHIC CONTROL OF C EXPORT IN
D I S C U S S I O N
Most conceptual models on plankton dynamics predict low DR in relation to GP (i.e. elevated NCP), as well as a high percentage of sedimentation in relation to suspended material and/or primary production, for large-sized phytoplankton communities, such as those found in Gerlache Strait. In the pico-and nanoplankton-dominated communties of Bransfield, however, a higher percentage of gross production would be expected to be respired within the mixed layer, while vertical particle flux and chlorophyll a content in the sedimented material should be lower. As expected, the highest contribution of phytoplankton to total sedimentation rate was registered at the station located at the centre of the Gerlache diatom bloom (E184). Mesozooplankton activity appeared to influence strongly the vertical transport, as reflected by the high number of faecal pellets, and the low specific activity of the sedimented phytoplanktonic material (Table I) .
However, and against theoretical predictions, the lowest DR rates were measured at the pico-and nanoplanktondominated station of Bransfield (E168) and the highest at E184. Moreover, negative values of NCP were only measured in Gerlache, below the euphotic zone (Figure 8 ), in agreement with the higher activity of bacteria and protist measured in Gerlache than in Bransfield during this study Vaqué et al., 2002) and with the gradient in respiration observed by Arístegui and Montero (Arístegui and Montero, 1995) over the same area. In addition, the highest relative rate of vertical particle flux, both with respect to suspended phytoplanktonic C and integrated NCP, was found at the frontal station E178, dominated by Cryptomonas sp., and no difference in the percentage of sedimentation was observed between stations E184 (diatom maximum) and E168 (nanoplankton), despite the large differences in community structure, total phytoplankton biomass and primary production.
To explore the reasons for these unexpected results and, in general, to understand the influence of diverse factors (specifically, community structure) on the relationship between production and export of organic carbon, it is important to appreciate the growth conditions of the community, as those relationships may be different in systems that are transient or close to equilibrium. In the case of those flux stations where little variation occurred in both the physical and biological fields between the sampling of the transect and flux stations, steady state may be presumed for that period of time. Then, the local rate of change in phytoplankton biomass is given by the expression: dF/dt = growth -advection + diffusion -sedimentation -consumption (Frost, 1991) . On this basis, an analysis of phytoplankton growth and loss processes has been performed for each community in order to (1) ascertain the origin of observed local biomasses, (2) verify whether the processes of production and export of organic matter were acting at coupled spatial and temporal scales, and (3) determine the processes responsible for the observed disagreement with theoretical predictions.
P. SERRET ET AL. TROPHIC CONTROL OF C EXPORT IN ANTARCTICA

Communities dominated by large-sized (>10 µm) phytoplankton
Physical conditions in the water column, phytoplankton size spectrum, floristic composition and spatial distribution of phytoplankton biomass and production remained almost unaltered in the central region of Gerlache between the two sampling times. Estimated phytoplankton growth rate was very high (0.66 day -1 ) at the centre of this patch (E184). Assuming that such a growth rate remained constant throughout the 12 days of study, the ∆Chl a-derived phytoplankton biomass loss rate is estimated as 0.7 day -1 (Table III) , much higher than the sum of loss rates through sinking and grazing (0.39 day -1 ), which implies that either the balance between advection and diffusion was responsible for a loss of phytoplanktonic biomass of 0.3 day -1 , and/or that the calculated loss rate by zooplankton grazing, obtained from zooplankton biomass, underestimates the actual value. Calculated zooplankton respiration rates are coherent with rates experimentally obtained for Metridia gerlachei during FRUELA96 cruise [4.17 µl O 2 mg C -1 h -1 . (Calbet and Irigoien, 1997) ], as well as with the literature (Martens, 1992) . A similar impact of Antarctic zooplankton on phytoplanktonic biomass has frequently been observed (Mitchell and Holm-Hansen, 1991; Atkinson and Shreeve, 1995) , and seems reasonable for early spring, considering the uncoupling in zooplankton and phytoplankton growth. Nevertheless, it is still possible that zooplankton biomass obtained from vertical tows will not properly represent total potential grazing pressure, due to the aggregated distribution and high mobility of krill. However, the permanence of an almost absolute dominance of cells >10 µm during the period of study in Gerlache Strait, would suggest a non-significant impact of krill (Lancelot et al., 1993) .
At the margin of the high chlorophyll a patch of Gerlache (E169), vertical stability conditions changed in the 5 days separating both samplings (Figure 4 ). This fact, and the boundary position of this station, made the calculation of ∆Chl a-derived loss rate impossible. Nevertheless, the similar phytoplankton size spectra at stations E184 and E169, and the much lower growth rate at the latter, suggest that total losses at E169 would be similar to, if not greater than, those at E184, as shown by the vertical patterns of respiration (Figure 9 ), which suggest that sinking rate was greater at E169.
Phytoplankton growth rate at E169 was very low (0.12 day -1 ), certainly not able to explain the observed biomass in the mixed layer. With such a growth rate, a loss rate similar to that calculated for station E184 would have caused a decrease in chlorophyll a concentration to values near 0.5 mg m -3 in 5 days. Even with a lower loss rate, considered normal in this region [0.2-0.3 day -1 , (Mitchell and Holm-Hansen, 1991) ; 0.05-0.3 day -1 , (Lancelot et al., 1993) ; 0.2-0.32 day -1 , (Boyd et al., 1995) in Bellingshausen Sea], in situ growth at E169 would not suffice to maintain the observed biomass. Hence, part of this biomass at station E169 might derive from adjacent regions. Such a deficit is consistent with expectations from most Antarctic phytoplankton growth models (Mitchell and HolmHansen, 1991; Nelson and Smith, 1991; Sakshaug et al., 1991; Svansson, 1991; Lancelot et al., 1993) , which conclude that, when nutrients are not limiting, a total loss rate of 0.3-0.35 day -1 requires a mixed layer not deeper than 25-30 m to allow the development of phytoplankton blooms (see Figure 4) . In the present study, as observed previously (Mitchell and Holm-Hansen, 1991) for the same region during December to March, a chlorophyll a concentration higher than 10 mg m -2 only persisted in areas with upper mixed layer depths of 20 m (see Figures  2 to 5) . Such a shallow mixed layer depth for bloom development, as well as observed changes in chlorophyll a concentration at both E184 and E169, together with the low microbial respiration rates, suggest the greater relative importance of other loss processes in the control of phytoplankton populations in the central region of Gerlache Strait. These losses, specifically the balance between diffusion and advection, would account for the surplus of production at the centre of the high biomass patch and would cause the marginal region to be dependent upon organic matter import.
Communities dominated by nanoplankton (2-10 µm) under vertical stability conditions
The highest phytoplankton growth rates for the whole region of study were measured at the frontal station (E178), in the Gerlache-Bransfield confluence. The high biomass of small phytoplankton remained after 10 days (Figures 3 and 5) , thus allowing the calculation of ∆Chl aderived loss rate. Such a high loss rate (1.17 day -1 ) was only compensated by phytoplankton growth at the surface (1.41 day -1 ), where most of phytoplankton biomass and production, and microbial respiration were confined.
Under situations of stability and dominance of nanoplankton, such as those observed at E178, coupling between production and consumption usually occur (Riegman et al., 1993; Legendre and Rassoulzadegan, 1996) . As expected, the highest specific loss rate due to microbial respiration was registered at station E178 (Table  III) . The comparison between stations E178 and E168, both dominated by Cryptomonas sp., indicate that microheterotrophic consumption at station E178 (where small dinoflagellates were also abundant) was very important. If the contribution of phytoplanktonic respiration to total consumption of oxygen is estimated, assuming this value to be 12% of gross production (Setchell and Packard, 1979) , it would represent 98% of total respiration at station E168 (0-50 m) and only 25% at station E178.
Although the ∆Chl a-derived loss rate at E178 (1.17 day -1 ) was very similar to the sum of loss rates by grazing and sedimentation (1.14 day -1 ), the measured sedimentation rate (0.29 day -1 ) was more than three times higher than the highest values found in the literature for polar regions [0.005-0.07 day -1 ; (von Bodungen et al., 1986; Wassman et al., 1990; Mitchell and Holm-Hansen, 1991; Karl et al., 1991) . Such a high value, however, can only explain the observed decrease in mixed layer chlorophyll a concentration of 1.5 mg m -3 in 10 days. It is clear that the convergent front located at this zone not only gives rise to conditions favouring phytoplankton accumulation and growth, but also provides a mechanism for sinking of organic carbon, as shown in the spatial distributions of phytoplankton biomass (Figure 3 ) and microbial activity (Figure 8) . Moreover, the carbon incorporation rate by material collected with the sediment trap was very high in relation to chlorophyll a content, which also suggests rapid sinking of phytoplankton cells.
Communities dominated by nanoplankton (2-10 µm) under vertical mixing conditions
Phytoplankton size distribution, abundance of dominant taxa, and total chlorophyll a concentration in the mixed layer (1.59-1.45 mg m -3 ) remained almost unchanged during the 3 days separating both samplings of station E168 (Bransfield). Phytoplankton-specific growth rate was very high (1.01 day -1 at the surface, 0.69 day -1 in the mixed layer) and the ∆Chl a-derived loss rate gave a critical depth >120 m. These very high values do not agree with the low chlorophyll a concentration (62 mg m -2 ) observed in a mixed layer of 40 m, especially considering the even distribution of phytoplankton biomass and production in this layer (see Figures 4 and 9) , not linked to the pycnocline.
In Bransfield, the molar ratio of net oxygen production to carbon incorporation in the photic layer was >2, suggesting a significant production of dissolved organic matter (DOM) by phytoplankton. This conclusion is in agreement with the high values of DOC production (23% of total carbon incorporation) measured by Morán and Estrada (Morán and Estrada, 2002) in Bransfield Strait. The very low heterotrophic activity measured in this region might produce the accumulation of DOM and, as suggested previously for the same region (Karl et al., 1991) , its possible exportation.
∆Chl a-derived loss rate (even from C incorporation) was higher than the sum of loss rates by sedimentation and grazing (Table III) . Specific loss rate by sedimentation was relatively high (Karl et al., 1991) , and microheterotrophic consumption was necessarily less than total microbial respiration, hence such a disagreement must derive from either an underestimate of mesozooplankton and krill impact, or a negative balance between advection and diffusion.
The very low DR rates measured at station E168 and reduced microheterotrophic contribution to total respiration (ca. 2% of total respiration, 0-50 m) suggest that the mechanism regulating phytoplankton biomass and, especially, size structure, might be related to the control of microzooplankton grazing rather than to light or nutrient limitation of large phytoplankton growth. Minimum values were found for both large protist biomass and consumption of bacterial biomass by protists in Bransfield waters . Chlorophyll a-normalized C incorporation rates of phytoplankton >10 µm were very high at this station (>70 mg C mg Chl a -1 day -1 ). Moreover, the contribution of phytoplankton-derived material to the vertical flux of particles was considerably higher than at the other nanoplankton-dominated station, and activity of sedimented phytoplankton was high, despite no clear hydrodynamic mechanism leading to the rapid sinking of material. Although it can be argued that a decrease in microzooplankton activity should have been reflected in an increase in bacterial numbers, the results indicate that bacterial abundance and activity in the region were not controlled by bacterivory due to protists , but by temperature and predation by viruses (Guixa-Boixereu et al., 2002; Pedrós-Alió et al., 2002) .
Conclusions: trophic control of biogenic carbon export
The results obtained in this investigation failed to show a direct relationship between phytoplankton size or P/R balance and biogenic carbon export. A similar result lead Rivkin et al. (Rivkin et al., 1996) to conclude that food web structure cannot be used to predict the magnitude or patterns of biogenic carbon export from the ocean surface. In our opinion, however, these negative results imply that the relationship between food web structure and biogenic carbon export is far more complex than considered by conceptual models on the trophic control of C export (Legendre and Rassoulzadegan, 1996) . These models rely on the existence of a functional link between population and trophic dynamics, and assume that the trophic functioning of a planktonic community may be ascertained from its current structure, usually defined from phytoplankton size. The consideration of DOM as a dynamic constituent of pelagic food webs implies that such an assumption may not always be valid. Accumulation of DOM as a consequence of a concurrent limitation of microbial consumption [(Hansell and Carlson, 1998; Fasham et al., 1999) and references therein] does not provide any information on the final fate of organic matter produced in the euphotic zone, but simply indicates that the scale of ecosystem functioning may be longer than usually considered. In addition to direct export of the DOC excess, its accumulation in the upper mixed layer may give rise to the linkage of production and consumption of organic matter over large spatial or long temporal scales (Pomeroy and Wiebe, 1993; Sherr and Sherr, 1996) , thus allowing the metabolic compensation of otherwise separated communities, hence affecting food web structure and the trophic balance at local scales (Serret et al., 1999) . Consequently, although the downward POC flux will be dependent on the concurrent phytoplankton size (Boyd and Newton, 1999) , the estimation of the ecosystem export potential from the latter may be uncertain. A seasonal uncoupling between phytoplankton and bacterioplankton activities has been observed in Antarctic waters (Delille and Mallard, 1991) suggesting the possibility of a long-term linkage of production and respiration of organic matter. Such a process characterizes the seasonal dynamics of some coastal temperate planktonic ecosystems (Serret et al., 1999) and could underlie the concurrent observation of net heterotrophy and biogenic carbon export in postbloom conditions (Rivkin et al., 1996) . The uncoupling of production and respiration would in turn broaden the role played by hydrodynamics in C export control. Hydrodynamics would not only regulate phytoplankton size spectra and activity (Kiørboe, 1993) , and the immediate linkage between producers and heterotrophs (Legendre and Rassoulzadegan, 1996) , but would also be a mechanism producing a short-circuit in the long-term linkage between production and oxidation of DOM.
The present investigation emphasizes the importance of precisely determining the processes and of re-examining the scales of organic matter circulation in planktonic ecosystems, and points out the limitations inherent to studies of trophic control of carbon export (Rivkin et al., 1996) conducted over scales shorter than those of linkage between production and respiration of organic matter in the sea.
